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INTRCDUCTICN

In a discussion of the influence of disease upon
the blood protein concentration, the term "protein
deficiency" is to be preferred to the more commonly
used term "hypop~oteinemia".

First, by definition,

the latter concerns itself only with the circulating
proteins which is now recognized as no more important
than the tissue protein depots and the tissue proteins.
Second, there is a gradual depletion of proteins due
to ma n y c au s e s , w h i c h a I t h o u g h no t n e c e s s a r i I y s u ff i c ient to bring the circulating proteins within the
hypoproteinemic range, are none the less important.
Third, the existence and detection of the deficiency
by measuring the serum proteins is often masked by an
associated dehydration or hypoglobulinemia.

fourth,

the trauma in shock is often associated with protein
I o s s es from th e body as we I I a s tr om t he b I oo d.
At the present, there is no method tor determination of tissue proteins and one must depend upon the
indirect evidence such as the fate of the proteins injested, i.e., that which does not enter Into the circulation nor is excreted, is considered utilized in
building up tissue stores.

By such evidence Sachar,
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Harvitz, and Elman found the ratio of tissue to circulating proteins of 30 to I.

If this

any decreases of plasma proteins

is correct,

implies a depletion

of tissue proteins many times greater

ll9).

Whipple ,66) believes that plasma protein takes
an active part

in the

internal protein metabolism of

the body, that they are built up rapidly, used in the
body economy freely, and serve to supply practically
al I of the protein requirements of the eel ls of the
body.
Since the subject "protein defeciency" is
self too wide a field,

in it-

it will only be covered gener-

ally and the albumin fraction with its relation to
surgical problems given special

reference.
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HISTORY

Little clinical significance was held in relation
to the circulating proteins until the last two decades.
It then became apparent that the plasma proteins were of
great importance in the surgical patients.

Before this

many physiological functions of the proteins had been
discovered but they were seemingly obscure and of small
si_gnificance in the welfare of the patient.

With the

rec e nt advances in the field of bio-chemistry and progress in the chemistry of the blood have we discovered
that herein I ies many causes of increased morbidity and
morta I ity.

Many I ives have been undoubtedly saved by

proper therapy as results from these studies.
One hundred and fourteen years ago, Or. John
Bastock, che mist and physiologist of Guy's Hospital,
studied urine and blood from Richard Bright's dropsical
patients t SIJ.
...

,'

In addition to his classical observations

on the character of the urine, Bastock reported to Bright,
11

1 think I may venture to say that the serum generally

in thes e cases contained less albumin than in health,
although I am not able to say precisely the amount of
the differ e nce."
Denis in 1856 was probably the first to report an
investigation of the action of various salts on t he

6

separation of serum albumin from serum globulin.

tn

1858, Fredericq recorded the existence of two albumi no u s s u b s t a n c e s

i n t h e b I oo d s e r u m, d i s s o I v e d f i b r i n

on paraglobulin and serine or serum albumin.

Hamer-

sten, in 1878, reported the utilization of the precipitation effect of salt for the quantitative estimation of the albumin and the globulin in the horse and
human serum (31).
In 1882, Burcl::.hardt found that

in starving dogs,

the albumin concentration of the serum falls while the
gobulin concentration remains stati6nary.
The osmotic pressure exerted by serum protein was
said to be 30 to 40 mm Hg. by Star I ing in 1895.

He

also said that absorption of ·isotonic salt solutions by
.the blood vessels

is determined by the osmotic pressure

of the serum protetds.

This same factor

is probably

responsible for the absorption from the tissues which
ensues on any

lowering of capillary pressure, e.g.

a r t i f i c i a I a n em I a ( 5 7 ) •
T h e p r o t e i d s o f t h e t i s s u e f I u i d wh i c h h a v e n o t
been used up in the tissue themselves are probably
absorbed mainly,
system.
cu I e.

This

if not exclusively by the

lymphatic

is due to the size of the protein mole-
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PHYSI0-0-iEMICAL REVIEW
CCNSTITUENTS OF PLASMA PROTEINS

The plasma proteins may be divided into fibrinogen, the other globulins and albumin.

GLOBULIN FRACTION

Sorensen (56) showed that globulins, ex.eluding
fibrinogen, consists of at least two different frac•tion~.

Haslam (29) concluded, as result of repeated

precipitation of globulins with ammonia sulphate,
that there are only two globulins in · blood serum,
euglobulin and pseudoglobul in.

As proof toi his stat-

ment that al I intermediate fractions were mixtures of
these two bodies, he gave the fol lowing tacts: (I) these
two bodies cannot be split up further by means of fractionation with salt and water; (2) intermediate fractions are shown to be mixtures of these two bodies;
(3) globulin contains, or ls closely associated with
phosphorus, while pseudoglobulin does not contain it
and (4) globulin can be freed from pseudoglobulin by
repeated precipitations of globulin at constant volume.
Porges and Spir,o presented evidence in favor of
two pseudoglobul ins.

Howe (34) has used Na2S04 in

8

varying concentrations and has presented critical zones
to substantiate the existence of two globulins in blood
in addition to euglobul in: pseudoglobulin I and pseudoglobul in II whose precipitations are complete at approximately 17.4 and 21-22 per cent of the salt respectively.
Blankenstein and Fischer also found evidence for two
ps eudog I obu I ins

in serum.

The dividing

line between euglobulin and pseudo-

g I ob u I i n s i s f a r f r om d i s t i nc t •

J n fa c t, e v i den c e ha s

been publ I shed to the effect that pseudoglobul in may
be transformed into euglobu lin.

Chick (9) and Berg (5)

have both offered support of this theory.

Chick states

that pseudoglobul in from which euglobul in had previously
been removed as far as possible by dilution and bringing the solution to the isoelectJc point, was always
found to contain large quantities of euglobulln after
long dialysis.

This is largely derived from the pseudo-

globulin by a gradual process of denaturation, according
to Chick.
Berg confirmed this transformation but stated that
a I t ho u gh

i n mo s t i n s t a nc e s t h e am o u n t s t r a n s f or med we re

considerable, in one of the sera the amount was so
smal I as to indicate that the transformation does not
take place in al I sera.
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Taylor (60) has shown that euglobu Ii n is read I ly
converted Into pseudoglobul in and pseudoglobul in into
euglobu I in by polymerization.

He separated the glo-

bu I Ins into euglobulin and pseudoglobulin, addes distilled water to each, put them separately into well
steamed bottles, added toluol and sealed them.

After

a year and a half he opened them and found that they
were convered into the opposite form.

There is there-

fore, the reversible reaction of soluble globulin
converted into insoluble globulin and vice versa.
The reaction tends obviously to an equi I ibrium in the
system.
Wal I is (70) found that by · adding various I iptds
to pseudoglobulin, it is rendered inso l uble in water;
in other words, it is convered to euglobulin.
Some of the more recent and most convincing evidence on the transformation of serum albumin Into serum
globulin has been presented by Fischer (24).

He found

that heparin (antiprothrombin) forms with protein compies compounds which show different properties according to the amount of heparin bound to the protein molecule.

By adding heparin to pure globulin fraction in

salt solution, he was able to move the isoelectic point
(normally around pH 5.0 for globulin) towards the acid

10

side, the range depending on the concentration of heparin.

Serum albumin does not flocculate at its lso-

electtic point., but if heparin rs added to serum
albumin (at pH 5.0) which rs freed from globulin by
dialysis., a flocculation irnnediately takes place.

The

degree of flocculation depends upon the amount of heparrn added when excess albumin is present.

Albumin-

heparin compounds behave as genuine globulins and
f i sch er s t a t es t ha t they ma y be co n s i de red a s i den t i -

cal with globulins in solubility., precipitation by weak
acids, denaturation., precipitation with salts, solubility in excess of heparin, and isoelectric point.
This concept agrees with Sorensen who considers
the protein a reversible dissociable system of components which are held together by secondary valences.
Sorensen (56) believes that the globulins exist
in serum not as mrxtures of the two globulins but as
combinations of them, while Svedberg and Sjogren (59)
state that euglobul in and pseudoglobulln "are to be
regarded as laboratory products and are not present
in the blood" even though they previously admrtted
that, by fractional precipitation of serum globulin
it is possible to obtain protein samples differing
in so I u bi I I ty and i n ch em I ca I c ompo s i t i on., the so-

II

called euglobulin and pseudoglobulin.

They

indicate

that these are to be regarded as artificial products
s i n c e t h e i r ex p e r i me n t s wI th
indicated that globulin is
the ·usual
that

process of

t h e u I t r a c e n t r i f u g e ha ve

liable to break up during

fractionation.

They also found

it is not possible to regain the original

serum

globulin by mixing pseudoglobul in and euglobulin.
ALBUv\lN FRACTtON

I t . i s by no me a n s c e r t a i n t h a t t h e a I bum i n i n
plasma consists of only one fraction.
1884, Hal I lburton
different albumins

As early as

(30) found evidence for

three

in the Sera of man, monkey, dog,

cat, pig and rabbit.

He used a process of

heat-coagulation in his experiments.

fractional

Fischer and

Blankenstein found only two albumin fractions
human serum.

in

Oppenheimer and Howe and Sanderson

(35)

also presented evidence for different albumin fractions, the

latter suggesting the presence of five

fractions of albumin.
Sorensen (56) found
divided

that serum albumin could be

into a series of tractions possessing widely

different

solubl I ilies.

However, Svedburg and Sjogren

believed that this was due to partial decomposition
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of the albumin used by Sorensen, since they found
by their experiments

that serum albumin is a very

unstable protein which is east ly decomposed during
the process of purification and always partly decomposed in dilute solutions.
Prothrombin was first thought to be in the globulin fraction because of

its precipitation reactions,

but more recent work with electropharesis, however,
indicates

it belongs

in the albumin fraction.
MYXOPROTE IN

It has also been suggested that there is still
another protein in blood serum.

Achard and Piettre

studied a different protein which Piettre isolated
from blood serum by a technic uti I izing acetone as a
precipitant.

This protein was called myxoprotein.

It precipitates
is

insoluble

in large,

in water

i n neut r a I s a I t s

like globulin but is soluble

( 0. 9 per c en t Na C 1 l •

I.I per cent sulfur,
phosphorus.

I t cont a i n s

14.6 per cent nitrogen but no

In noimal

vary from 0.7 -

grayish, viscous flakes,

individuals it was found to

1.0 per cent.

However, the chemical

or physical relationship between globulin and myxoprotein

is so close that they of.ten flocculate to-
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get her and a good s e par at i on i s d I f f i cu I t
impossible.

i f not
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ORIGIN At-0 METABOLISM

On the basis of experimental work the "loss and
lacl:. 11 theory was bul It by

inducing hypoproteinemia

by:

(2) restriction of diet.

{I) plasmapharesis or

This theory postulated that hypoproteinemia was due
either to a deficient
Bloomfield (8)
11

ment:

intake or an excessive loss.

in 1934, made the following state-

The question may be raised, however, whether

such a s i n g I e concept

{ I a ck and

I o s s ) f i t s a 1 I the

fa c t s of c I i n i ca 1 and exp e r i men t a I exp er i enc es and
whether one must postulate in addition, some injury

to,

defect of, or

inadequacy of the blood protein form-

ing mechanism as an accessory,
cul

ty;

in point of fact,

lack" theory when
a number of

if not a primary di ff i-

the evidence for the "loss and

inspected from this angle revea Is

serious breeches".

Whipple states that the evidence now appears convincing that und~r certain conditions
more or

less continuously),

there is

(and probably
a "give and take"

between body protein and plasma proteins.

For example,

a dog while fasting can be maintained in nitrogen
equilibrium by plasma protein given intravenously (68).
The fol lowing was theorized by Melnick and
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Cowgi I I, Weech and his . co-workers and Bing:
I. Tissue and plasma protein loss do not paraI lei one another and the maintainence of serum protein concentration bears no rel at ion to the nitrogen
metabolism of the organism as a whole.

Also, dogs

may utilize dietary protein to satisfy the nitrogen
requirements of the body without adequate serum
protein regeneration.
2. Patients form serum protein easily.

There-

fore, protein loss in order effectively to lower the
concentration of plasma proteins must be accompanied
by a defect or impairment of the blood protein forming mechanism, or else the plasma protein wou Id be
rapidly restored.
3. With a marked protein loss, the serum proteins
do not continue to fall but maintain themselves at a
constant low level.

Some believe this is due to the

drawing on of protein reserve stores, but there is
ample evidence that this leveling process wi II occur
after these stores have been exhausted.

This in turn

points to the presence of a control I ing mechanism.
4. There is no relation between the initial
nutritional state of a dog and the deve~opment of
hypoproteinemis after plasmapharesis.
5 • I n Br I g h t I s d i s e a se t h e r e i s n o c o n s t a n t r e -

16

lation between the loss of protein in the urine and
the reduction in the serum proteins.

After pr.olonged

proteinuria, the serum proteins become established at
a constant low level.
6. Certain infections can depress the ability of
the body to regenerate serum protein, even if ample
or excessive protein is made available.
7. In Bright's disease, a high protein diet has
an appreciable effect on the concentration of the serum
proteins regardless of whether there is a positive or
negative nitrogen balance.
8 • T her e i s s om e e v i d en c e t h a t ma I nu t r i t I on ma y
cause hypoproteinemia because of the damage to the
regenerative mechanism, rather than as a result of a
restricted protein intake.
9. In severe liver damage, the ability to regenerate serum protein may be lost although an excess of
protein is being administered.
In view of the above, it would seem that there is
definitely established a specific mechanism which controls the format ion of serum protein.
Cowgill

Yet Melnick and

(43) and Madden , Neohr e n, waraick and Whipple

(44) state that prolonged hypoproteinemia per se causes
no damage to the protein forming mechanism.

The dogs

can be kept in good health tor years vet they are not
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e q u a I t o t h e n o rm a I c o n t r-o I i n t h e i r r e s i s t a n c e t o
infection and
It

intoxication.

is probable (67) that hypoproteinemia in some

obscure manner does accel lerate the production of new
plasma proteins, but the fact

that proteins can pass

to and from easily between eel Is and plasma mal::e the
interpretation of experiments difficult.
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Many plasma proteins

I i v e r c e I I s a n .d c a n b e us e d i n t he

body to supply all

or most of its protein requirements.

(See diagram I and

II).
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Melnick and Cowgi 11 .state that the average 70
kilogram man should be able to regenerate as much as
247 grams of serum protein per week or an individual
fed on an adequate ration should be able to lose as
much as 35 grams of serum protein each day over a
period of 54 weeks without suffering any impairment
in the ability to regenerate serum proteins .

They

o ff e r t h e f o I I ow i n g d i a gr a mm a t i c h y po t h e s i s o f t h e
mechanism by which serum protein formation takes
place (47).

flore117
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The site of plasma protein formation Is a controversial

factor and much conflicting evidence appears

in I iterature.
There is much evidence that flbrlnogen is ,w holly
dependent upon I Iver function.

This appears to be

the most homogenous of the proteins.
is the most powerful stimulus to
that, following depletion,
plete in 24 hours.
poisons

Tissue Injury

Its formation and

Its regeneration is com-

Many experiments with hepatic

(chloroform and phosphorous) give irrefutable

evidence that when the liver is injured the blood
fibrinogen falls rapidly and somewhat
injury.

With

in proportion

to that

liver

repair,
.

the fibrinogen blood ' values return

Injury to any other tissue
injury)

liver regeneration and
to normal.

(in the absence of

liver

is followed by elevation of the blood fib-

rlnogen (25).
The source of albumin and globulin is much debated and hard I y an organ or tis sue escapes.
in fact.,

And.,

it may be said that under certain circum-

stances almost any tissue can contribute to a globulin fraction.
of

the

The present evidence speaks

in favor

liver as the site for production of albumin

and of much of the globulin.
Kerr, Hurwitz and Whipple (42) noted a definite
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lag in the regeneration of serum proteins of Eck
fistula dogs following acute plasma depletion.

More

recently Knuth, Erickson, Madden, Reckers and Whipple
(37) reported observations over two years on an Eck

fistula dog.

Always in excellent clinical condition,

the dog, at times, was unable to form new plasma
protein in significant amounts on various standard
diets.

At autopsy, the only significant findings

were a perfect Eck fistula and the usual atrophic
I iv er.

Clinical observations point to the liver as the
source of plasma proteins (4).

A chi Id with edema

and hypoproteinemia was observed for seven months and
at autopsy, Thompson, McQuarrie and Bell observed
liver atrophy with a disappearance of cell·s in intermediate and peripheral zones in the lobules.
tissues were normal.

The other

Another case of idiopathic hypo-

proteinemia showed only interstitial hepatitis at
autopsy.

Cases of liver cirrhosis often show a low

level of plasma protein, especially a low albuminglobulin ratio • .
Sabin (54) regards the reticulo-endothel ial system
as a major factor

in the production of plasma protein,

especially the globulin fraction.
Earle

(16)

and Fischer

(24)

consider the trans-
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formation of albumin into globulin and visa versa.
Whipple (68) points out that the

I Iver partici-

pates in the "assembly of amino-acids and ther cons t i t u e n t s o f t he body pro t e i n s
may be used in the

i n t o a g gr e g a t e s wh i c h

liver or elsewhere to form specific

proteins of the body cells".
Holman, Maloney and Whipple state that there is
a "dynamic equilibrium between tissue protein and

plasma protein which
needs of the moment".

is governed by the physiological
This does not mean that tissue

proteins or the products of tissue protein catabolism
can be uti Ii zed to form new serum protein.

However,

the conversion of plasma protein to tissue protein
can and does occur.
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It seems obvious that prolein or its derivities,
including amino-acids, must be furnished the animal
organism to achieve the production of new plasma
proteins.

Certain protein already within the body as

well as some of that received orally or parenterally
may be commandered for plasma protein production.
Kerr, Hurwitz and Whipple (40) offered the first
experimental evidence that diet influenced favorably
the regeneration of depleted plasma proteins.
If one places a dog upon a constant diet adequate
in calories and other essentials but limited in protein
to about one gram per kilogram per day, the animal may
gradually be depleted of plasma protein by daily plasmaph ares is.
Weech and Goettsch (63) verify that plasma proteins can be controlled by diet.

They found that a

diet inadequate in protein caused a decline in the
serum albumin concentration which was paralled to the
decline in total serum protein concentration and also
para I lel to the plasma volume.

Elman, Sachar, Hurwitz

and Wolf (19) state that a 29 per cent albumin decrease
occurs in protein and fat deficient diets regardless
of caloric intake.
It reguires three grams of serum protein by mouth
to produce one gram of new plasma protein in the de-
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pleted dog.
4 -

Other food proteins

required from

7 grams.
When plasma is given by vein there

is noted no

change in the albumin-globulin ratio indication that
these proteins are used up in the normal
then · makes

ratio.

This,

it appear that many changes In the albumin-

globulin ratio are due to production .factors rather
than to the use of one protein in preference to another
in the body economy.
Whipple (68) believes that

there can be an easy

exchange between the plasma protein and the
protein stores of the body cells.

labile

Another less readily

available store of protein can be drawn .upon by

long

periods of anemia, plasma depletion, or protein fasting.

The cell contains indispensible proteins which

cannot be removed by any type of depletion.
i 11

This

is

trated diagrammatically in the fol lowing figure.
C

,·,..cu I c; 1,;,7

Pltt1J n?4 Pron,,'n

I.a.bile -P ro~/,,

Re.1erve
-.D;.1_p e1?J /61e

Pron.,,;..,

/riJe ~ve

®
~ntl,".r,,,e,en..J'/~/e
r':vd Pro;ia;,.,

D,a9ro,,,., TJZ.

24

The globulin content was not affected in defic i en t

protein and tat di et sh ow in g t ha t

effect is on the albumin (63).
at once and is progressive,

the ma i n

This fall

initially, at

I on g a s pro t e i n i s w i t h h e I d f r om t he d i et

begins
least, as
( 19 ) •
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PROPERT I ES-CQ\IS-fANTS AN) C0v1POS IT 10\l

Proteins are the chemical foundation of all
I iving matter and are found in every eel I.

They are

.

also present

in the body in the blood, spinal fluid,

interstitial

fluids,

toneal effusions,

lymph ducts, pleural and peri-

joint fluids and milk.

As mother

substances from which come a great variety o f cleavage products, al I more or

less conspicuous in the

physiological processes of the animal body, they
occupy a significant position.
The identification of the amino-acids formed in
the hydrolysis of different proteins has led to the
belief that these amino-acids are the unit from which
the protein molecule is constructed.

Proteins are

probably bui It up by the condensation of several
amino-acids, thereby forming a class of products
which has been termed polypeptides, the most probable
mode of union of the amino-acids being a combination
through a nitrogen atom.

These polypeptides undoubted-

ly make up the nucleus or essential part of the structure of the protein molecule to which may be added
other groups to build the finished product.
The establishment of the structure has yet to be
attained but proteins constst of C (50-55 per cent),
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H (6-7.3 per cent),

o- (19-24 per cent), N (15-19

per cent), and S (0.3-215 per cent, and P (0.4-0.8
per cent) when present (32).
Globulins and albumins are very similar in chemical and physical properties.

The albumins contain

no glycine, whereas the globulins contain this aminoacid.

Both albumin and globulins are easily soluble

in dilute acid and alkali solutions, but they differ
in their behavior toward salts.
Albumins contain more basic amino-acids than do
globulins.

Albumins contain from 1.6-2.2 per cent

sulfur and 0.25 per cent carbohydrate, while globulins
yield less sulfur (1.17) and more carbohydrate.
The difficulty in solving the chemisty of proteins centers about the enormous complexity of the
molecules, many of which include side chains of lipids and carbohydrates.

Moreover many of the proteins

undergo denaturation even with the gentlest of manipulations (43).
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To single out ~efinite values as representative
of particular states and especially the normal composition of blood plasma is exceedingly uncertain.
The normal

limits set by different investigators

vary with the number of investigators and the methods
used.
In man the albumins predominate over the globulins in normal

individuals.

Bruckman and Peters

state that the total protein is higher in female
than in mares, probably due to the globulin content
and its rapidity of regeneration.

For al I clinical

purposes the albumins and globulins are each regarded as entities.
The fol lowing values may be taken as approximately normal as indicated by Moore and Van Slyke (49)
who used Howe's method (33) for the separation of the
albumins and globulins,
Total protein

6.2 - 8.0 gm. per cent

Albumin

3.6 - 5.0 gm. per cent

Globulin

2.0 - 3.5 gm. per cent

Rowe (53) using the refractometric method obtained slightly higher normals for albumin with corresponding lower values for globulin.

He found the fol lowing

variations in normal individuals:
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Total protein,

6.5 -

Albumin

4.6 - 6.7 gm. per cent

G 1obu 1 in

1.2 -

C.

c.

Myers and

E.

8.2 gm. per cent

2.6 gm. per cent

Muntwyler gc3Ve the following

as normals:
Tota 1 protein

6 - 8 gm. per cent

Albumin

3.6 - 5.4 gm. per cent

GI obu I in

1.5 - 3.4 gm. per cent

A/G ratio

1.2 to 2.6

Kagan says that the normal c o ncentra~ion of
tot a I serum pro t e i n i s 6 to 8 gm. per cent, a I bum i n
4 t o 5 • 5 gm • p e r c e n t ,
cent.

However,

t r a t i on

g I ob u I i n I • 5 t o 3 gm • p e r

the total

circulation protein concen-

i s r a re I y norm a I I y o v e r 7 • 5 gm. per c en t , or

the albumin above 5 gm. per cent

(38).

One can readily see from the values
above that

there

is a great diversity of opinions as

to what constitutes the normal
plasma proteins.

indicated

I lmifs for the various
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FUNCT tQ\JS

Plasma proteins are necessary for I ife as shown
by Whipple, Smith and Belt (69).

If too large an

amount of plasma is replaced by erythrocytes suspended in Locke's solution, fatal

shock occurs.

On the

other hand, if dialyzed serum is substituted for
Lock's solution, shock does not occur.
gum acacia also prevents shock.

Isotonic

It thus appears

t ha t t h e p r o t e c t i v e i n f I u e n c e a g a i n s t c e I I i n j u r y
depends upon colloidal behavior mainly in relation
to permeability and not upon the chemical properties
of protein.
Of the globulins, fibrinogen,

is responsible for

the clotting of blood.
Al I three of the proteins serve to maintain the
osmotic pressure of blood.

The large molecules of

protein do not readily pass through the normal capi I lary walls.

The osmotic pressure they exert amounts

to, in man, between 25-30 mm Hg.

The pressure that

each fraction exerts in inversely related to its concentration in the plasma.

The molecular weight of

fibrinogen is over 200,000 and its concentration is
low; it therefore contributes little toward the total
osmotic pressure.

Albumin is the highest concentration
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and its molecule hast-he least weight (70,000-75,000).
The osmotic pressure therefore depends largely upon
t h is fraction.

The molecular weight of serum globulin

is between 150,000 and 190,000 and its concentration
is considerably less than albumin.
The proteins give a certain viscosity to the
blood which is a factor in the maintenance of the
normal blood pressure.
They aid in the regulation of the acid-base balance of the blood.
The globulin and fibrinogen fractions influence
the tendency of the corpusles to adhere to one another
and form rouleaux or clumps.
Carrel has shown that the leukocytes prepare substances from the plasma proteins which are essential
for the nourishment of tissue eel ls grown in culture.
These substances he has termed trephanes.
Immune substances are associated with the globu1 in traction which is increased during the process of
i mmu n i z a t ion.
They serve as a reserve of protein upon whi ch the
body draws during tasting or when the protein intake
is inadequate.
Fibinogen and euglobul in, particularly the former,
are concerned in the su-spension stability of the formed
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elements of the blood, for high fibrinogen content is
associated with a more rapid rate of sedimentation (67).
At blood hydrion concentration, the plasma proteins
act as weak acids and fairly efficient buffers as shown
by Van Slyke, Wu and McLean (62).

They accordingly

ass i s t in the carbon d i ox id e carry i ng fun ct ion of t he
blood and neutralizing any acids which invade it.

How-

ever, only about one-tenth the buffer power of blood
is due to plasma protein, the rest being chJefly due to
hemoglobin.
Scudder ( 5 5 l I i s ts the f o I I ow i n g as fun ct ions of
the plasma proteins:
I. Antibody formation
2. Blood pressure increase
3. Blood volume maintenance
4. Capillary permeability control
S. Capillary pressure
6. Clotting
7. Cap i I I a r y tone
8. Diuresis

9. E.dema prevent ion
10. Hematogenesis
I I • Immunity

12. lrritabi I ity of cardiac muscle restored
13. lrr1tability of leeched Nitella eel ls
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res tor eel
14. Kidney function restored in nephrosis
15. Organ culture
16. Protection against drugs
17. Protection against shock

18. Protection against toxins
19. St ab i I i z i n g fact or

20. Tissue culture
21.Vital
22. Wound repair
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ET10LOGY

Moschowitz (50) states that hypoproteinemia may
result from:

A. Loss of protein
I. By way of kidney

2. By the intestinal

tract

3. By anasarca
4 • By I o s s o f b I o od

B. Deficient formation or destruction of plasma pro-

t e in.
C. Insufficient Intake of protein.
Hypoproteinemia of renal origin:

The amount of

protein lost in the urine may vary considerably from
1-60 gm. per

I iter per day; of this 85-90 per cent

albumin and 10-15 per cent is globulin.

is

The amount of

loss that produces hypoproteinemia is undetermined but
it is believed that no appreciable hypoprotelnemia
develops with a loss of less than I gm. per liter per
day.
The degree of hypoproteinemia in the nephrotic
syndrone varies, reaching as low as 2.5 mgm. per cent
of plasma.

The critical level at which edema becomes

manifest depends not so much on the total protein as
on the albumin fraction.

Since about nine-tenths of
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the total urinary loss is albumin, the albumin fraction
in the b lood become considerably reduced so that the
normal albumin-globulin ratio is lowered or may even be
inverted.
Hypoproteinemia due to loss through the intestinal
tract; Edema occuring in the course of severe gastroenterites with diarrhea in infants is not uncommonly
obser~ed, but disappeared on a diet rich in protein and
poor in carbohydrates.
To what extent the loss of protein i n patients
with diarrhea is the result of the exudation of serum
into the intestine and how much

i s due to the loss of

blood protein that usu a I ly accompanies an u Ice rat i ve
colitis is, _for clinical purposes, unimportant.
Hypoproteinemia in ascites:

The fact that hypo-

Pr o t e iin em i a o c c u r s i n t h e p r e s e n c e o f I a r g e a s c i t i c
co I I e c t ions i s we I I known •

One wonders i n such a ca s e

whether the edema of the lower extremities, a not unco mmon finding in cirrhosis of the I iver with ascites,
is not due to the hypoproteinemia rather than to the
compression of the intra-abdominal veins, the explanation hitherto offered.

It would be interesting to note

the effects of a high protein diet on the edema of the
lower extremities in such a case.
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Hypoproteinemia due to blood loss:

It is ob-

vious that any appreciable loss of blood Is fol lowed by
hypoproteinemia.
The edema of chronic anemic states has been ascribed to various factors:
b I oo d, to an

to the hydremlc state of

i n c re a s e cap i I I a r y perm ea b i I i t y and to

the myocardial

insufficiency but we feel it is due to

the hypoproteinemia.
Hypoproteinemia from deficient formation or destruction of serum protein:

Edema in pernicious

anemia is very common as is hypoproteinem -ia and whether
the latter ls due to deficient formation or increased
destruction ls still unsettled.

The edema Is the re-

sult of hypoproteinemia with the factor of altered
osmotic pressure.
Hypoproteinemia due to lack of protein intake:
The common occurence of edema among the undernourished
peoples in the last war is well known.

The nutritional

edema was due to defficlent protein intake and consequent hypoproteinemia.

This was found to be true

when the edema disappeared fol lowing polyuria and a
diet adequate in protein.
When albumin is below 2.5 gm. per cent edema is
always present but other factors must be taken into
consideration mainly the electrolytes, especially
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sodium.
Robe r t Loeb ( 4 3 ) I i s t s t h e ca u s es of hypo a I bum in em i a as fol lows:
A. Inadequate protein intalce
I. Economic cause
2. Poor appetite
a. Any protracted illness

b. Cardiac decompensation
c. Chronic alcohol ism
3. Mechanical

interference with food intake

4. Poor intestinal absorption
B. Excessive protein loss
1. Recurrent hemorrhage
2. Massive chronic suppuration
3. Exudation of serum
4. Uncontrolled di abet is mel I itis
5. Various enteroenterastomies
6. Repeated abdominal taps

c.

Failure of albumin synthesis
I. Chronic parenchymatous I iver disease
2. Nephrotic state
3. Cardiac edema with chronic passive congestion
4. Prolonged protein starvation
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SURGICAL ASPECTS

Recognition of the occurrence of protein deficiency
in severely i I I surgical patients has been one of the
most recent advances in surgery.

Correction oft.his

defect has undoubtedly saved many I ives.
It

is well

known that an acute protein deficiency

is shared by burns, intestinal obstruction, strangulation and general peritonitis because they al I suffer
in common from an acute loss of plasma which is essentially a protein containing fluid.
There are many factors that influence the level
of the plasma protein and it is obvious that there wi 11
be different degrees of variation as result of different
operations.

Among the immediate causes of plasma pro-

tein depletion are operative shock and blood loss.
Other causes not so immediately apparent are:

the pre-

vious nutritional state of the patient and the protein
reserve; the degree,

if any, of I iver damage; the effect

of the anesthesia which may operate through its effect
on the blood volume directly or on the I iver.
Col I er ( 14) and others, have shown that blood loss
under ordinary circumstances varies according to the
type of operation.

The amount of blood lost during a

hernioplasty or appendectomy may be no more than 100 cc.,
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wh i I e du r i n g a r ad i ca I b r ea s t

I GOO cc •
vary.

amp u t a t i on i t may t o t a I

S i mi I a r I y , de gr e e s of ope r a t i ve s ho c k ma y

Hand I ing of intestines may cause a marked de-

gree of plasma loss from the vascular channels and
operations on bones or extremities may cause a similar loss.

These two factors, blood loss and shock,

wi 11 cause an immediate loss of plasma protein and a
decrease in the protein level of the plasma.

Since

most patients have a large reserve of protein for
plasma protein regeneration, the deficit will soon be
corrected if, indeed, in the interval it has not been
restored by whole blood or plasma transfusions.

In

patients who come to operation in a poor nutritional
state as a result of vomiting, diarrhea, dietary restrictions or other cause~ the reserve proteins may have
been depleted.

In addition, this malnutrition may have

affected the I iver so that the synthesis of stored protein into plasma protein is impaired and the result
will be prolonged low levels of plasma proteins.
Ca~ten, Bodenheimer and Barcham ( 12) gave a series
of 215 surgical patients in their study of operative
patients and protein levels.

No attempt was made to

segregate or select specific cases.

Preoperative de-

terminations of plasma protein and hematocrit were made
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on every patient in addition to other chemical studies
which were done when indicated.

Blood specimens were

taken post-operatively at 12 or 14 hour periods depending upon the nature of the case and these specimens were examined for total plasma protein and hematocrit readings.
The fol lowing table shows the incidence of postoperative decline in plasma protein in various types
of operations:
Type of Operation

Number
of Cases

Cases of
Decreased
Proteins

Per cent

I. Appendectomy for acute
Appendicitis

23

16

69.6

2. Cholecystectomy for
cholecystitis or
cholel ithiasis

27

22

81.S

3. Major procedure on
the gastro-intestinal
tract

26

26

100

4. Operations for acute
abdominal emergencies

19

15

79

5. Hernioplasty for ingu i n a I her n i a

18

4

22.2

6. Orthopedic operations

24

24

70.6

7. Thyroidectomy for
Grave's disease

17

12

70.6

8. Gynecologic operations

29

18

62. I

_gg

II

so.a

215

148

68.9

9. Miscellaneous operations
Total
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On the basis of the foregoing, the results of a
series of 215 cases were analyzed.

Of these 148

patients (68.9 per cent) showed a significant fal I
(more than 0.5 gm.) in their plasma protein following operation.

The standard of error of 3.16 per cent

indicates that the observed percentage could be expected to vary so that in repeated experiments with
groups of 215 patients in only 95 experiments out of
100 it might be expect to be between 62.6 and 75.2
per cent.
Of the nine different types of operations performed upon these 215 cases, only the group of major
gastro-intestinal operations showed a significantly
higher incidence of protein loss than the group as a
whole.

The series of 26 cases is certainly large

enough to indicate that a ·fal I in protein wi 11 occur
in operations of this type more frequently than in
other operations, although from a statistical point
of v i e w, i t i s not poss I b I e to s tat e th a t th i s fa I I
must occur in every major gastro-intestinal procedure.
The importance of these findings

is obvious.

Patients in this category have frequently suffered
depletion of their reserve stores of proteins prior
t-o operation.

Add to this a high incidence of signi-
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ficant protein loss as a result of operation and a true
hypoproteinemia ensues.

The clinical comp! ications

resulting from this state invariably contributes to a
prolonged morbidity and increases morta I ity.
At the other extreme, hernioplasty showed and in-

cident of protein fal I significantly different from
the total group.

In these cases one can expect a de-

cidedly lower frequency of diminished protein levels.
Meyers and Kozall

(48) state the average total

plasma protein for 278 surgical patients was 6.0 to
8.0 gm. per cent with an incidence of hypoproteinemia
of 22.3 per cent.

Hypoproteinemia was common in

patients with peptic (most often bleeding) ulcer,

in

cancer of the gastro-intestinal tract, bowel obstruction,

lesions of the biliary tract, gastro-intestinal

t istu las and burns.

The ave r a ge t o t a I pro t e i n f o I I ow i n g s u r g er y of
193 patients who were operated dropped 5 per cent.
Of the hypoproteinemic patients, 30 sustained an average drop of 11.9 per cent, 118 of the normal protein
patients dropped 4.6 per cent, and 42 of the hypoproteinemic ones showed an average increase of 413 per
cent.
That large amounts of blood plasma are lost
burned areas has long been known;

into

its measurement,
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experimental Iv, has shown t.hat

it may be extensive.

It is also generally realized that it is the prime,
if not the only factor,

in the blood concentration of

burned patients, but its significance in therapy has
not been sufficiently emphasized.
In a series of 40 patients with severe burns,
many of them fatal, the degree of blood concentration
was roughly estimated by the erythrocyte count.

It

was found that very rapidly, often within an hour or
two, t he r e d c e I I s i n c r ea s e d t o v a I u e s o f 6, 000, 000
to 8,000,000 per cmm.

The serum protein of such blood

then examined was normal or low.

This shows that even

with hemoconcentratlon the protein content was decreased. In a few days the protein decrease was more apparent being as low as 4 per cent.
Most of the patients exhibited a subcutaneous
edema of the unburned skin.

In most of the severe

cases, there was a failure of the kidney to put out
more than 10 - 20 per cent of the amount of fluid administered (64) •
Davidson and Mathew (IS) states that the plasma
protein was decidedly decreased in ten severe cases of
burns, th is being present in the presence of hemoconcentrat ion as was evidenced by the loss of total circulating protein.

•
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Elkington, Wolff and Lee state that the fluid
balance in burns is due to an altered capillary in
balance with a shift of fluid and protein into the
tissues rather than an external loss.

The plasma pro-

tein loss continues until the thirty-first to fourtieth hour (17).
In third degree burns involving 20 to 40 per cent
of the body surface, nearly half of the total plasma
pr o t e i n

wi

I I e s c a p e f r om t h e v a s c u I a r t r e e wi t h i n

eight to twelve hours fol lowing the burn.

The result-

ing hemoconcentration is due to abnormal distribution
of fluids and a serious distrubance in the mechanism
for cont r o I I i ng the d i st r i but ion ( 7 I ) •
The above observations indicate that the loss of
serum protein is a serious result of extensive burns
and that the state of the body protein is not sufficient if only fluids are administered.

In severe

burns, therefore, large amounts of proteins are needed.
Abbot, Mel !ors and Muntwyler (I) experimentally
produced obstruction of the gastro-intestinal tract of
dogs under anesthesia by tying a surgical tape I cm.
in width about the desired portion in such a manner as
to occlude the lumen and yet not to produce ischemlc
necrosis and perforation.
Their results were as follows:
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Pyloric obstruct-ion in six dogs taking hematocrits
and plasma proteins with estimations of the total circulating protein.

Four showed a decrease of

19, 8, 4

and II per cent respectively, while two showed an increase of
tn

12 and 17 per cent.

jejuna! obstruction, with the same determina-

tion, there were all

increases of total circulating

protein.
In ileal obstruction,
of

IS, 23,

an

increase of 6 per cent.

13 and 22 per cent, while only one showed

Blalock (7)
inal

four again showed a decrease

gives

three phases of shock

strangulation with protein
A.

Initial phase:

in

intest-

loss and the mechanism.

A loop of bowel

is strangulated

by torsion, a band, or caught by the neck of a sac
(hernia),
erial
velops

the venous flow is obstructed while the art-

flow is unimpaired.

locally in the strangulated

cap i I I a r y t i I t r a t i on
capillary wall
tein pour

loop, with

increased

I o ca I I y a n d wh en th e end o th e I l a I

is damaged sufficiently, fluid and pro-

into the

serous coats

lumen of the

loop and through the

into the tree peritoneal cavity.

practically pure plasma
wall.

A high venous pressure de-

Soon,

is passing through the capillary

The effective circulation plasma volume falls

in direct ratio to the local

loss of plasma, with a
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decreased effective blood volume resulting if the condition persists.
B. Sustaining phase:

The blood pressure remains

elevated as long as the plasma loss can be compensated
for by the protective vasoconstricting mechanism.

There

ls sti II only local damage, i.e. in the effected loop.
When tbe plasma loss exceeds a certain value, e.g.
above approximately 25 to 30 per cent, the vasoconstrictor mechanism ceases to be effective because of the marked disparity between the effective blood volume and the
size of the vascular bed.

The blood pressure tal ts, and

the cardiac output diminishes.

If this state persists

tor long, the blood flow to al I tissues diminishes to
such an extent that generalized increased capillary -permeabi I ity may develop.
C. Terminal phase:

Generalized capillary damage

is attended by rapid leaking of protein and fluid from
the vascular bed to the ex trace I lu tar and lymph spaces;
hence pylmonary edema, capillary stasis, necrosis of the
bowel nucosa, etc.

During this phase, the bowel wall

of the strangulated loop may be so damaged as to become
permeable to any of the contents of the loop and they
pass into the peritoneal cavity; a general toxemis develops and death ensues.
Trauma of any kind regardless of the mechanism,
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produces a profuse and widespread
and plasma elements

locally

loss of whole blood

into the

injured parts.

Thus the initial decrease in blood volume

is produced.

Subsequent to th is, cardiac output is decreased, arteriolar constriction occurs, the blood - pressure is diminished, capillary stasis develops and cell anoxia

is

produced, followed by the elaboration of a toxic substance.

As a result of this toxic substance, the cap-

ii laries throughouf the body are dilated and their
walls made permeable to al I of the elements of the
blood plasma.
volume

is

As this proce_ss progresses, the blood

further decreased, capi 1 lary stasis

Is

a u gm e n t e d , c i r cu 1a t o r y f a i 1u r e d e v e I op s a n d t h e de a t h
of the patient supervenes
The following

(8).

is . a diagramatic

illustration of

this process:
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A severe hemorrhage is a serious · and important
event and one which frequently leads to the death of
a patient often within a few hours.

Important in the

changes which fol low hemorrhage is the protein content
of the plasma because it is concerned with the maintenance of the osmotic pr.essure of the circulating
blood.

The protein lost in severe hemorrhage is re-

stored eventually, the process requiring a number of
days, providing an adequate protein diet is injested.
There is considerable disagreement as to what happens
within the first hours immediately fol.lowing the hemorrhage particularly when no food has been injested.
Seventeen dogs were bled 3.5 per cent of body
weight and replaced by the same amount of warm Ringer's
solution.

Following hemorrhage and replacement, there

was a prominent fal I of serum protein, albumin and
red blood cell volume, each of which, however, rose
sharply and reached a stabalized 'level within one hour.
Thereafter the serum protein and albumin remained the
same for the next six hours.

The hematocrit, unlike

the protein, fel I significantly from the first to the
sixth hour indicating a dilution of blood presumably
by f I u id enter i n g the cap i I I a r i es fr om the t i s sue
spaces.

The A/G ratio remained relatively unchanged

throughout the experiment

(18).
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Thus it would seem, fol lowing a severe hemorrhage
under fasting conditions, the body is unable to increase
significantly the serum protein concentration, even
though it may add to the total amount.

In order to

prevent this condition from resulting in shock, fluid
and electrolyte balance must be maintained.

In order

to maintain fluid balance, the proteins must be at a
normal

level, for it there be a protein deficiency,

fluid interchange takes a "one way" turn because the
colloidal osmotic pressure of the blood tails when the
plasma proteins are reduced (21 ).
It

is thought to be an established fact that fa-

brication of hemoglobin and serum proteins can b e influenced by dietary factors.
In 97 patients with gastric carcinoma, apparently
20 .had injested adequate diet, vet 60 per cent of these
were hypoproteinemic and 85 per cent were anemic, the
rem a i n i n g 7 7 pa t i en t s had taken de f i c i en t d i et s and
61 per cent were hypoproteinemic and 68 per cent were
anemic.

Hence, no correlation could be found between

the existence of dietary deficiency and that of hypoproteinemia and anemia (2).
Although the evidence at hand indicates that the
injestion of inadequate diet could not explain the high
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incidence of hypoproteinemia and anemia in patients
with gastric carcinoma, one could not be satisfied
t h a t t h e no rm a I v a I u e s u s e d f or c om pa r i s on we r e v a I i d
contracts s. ince the normal subjects differ in age,
economic and dietary background from patients with gastric carcinoma.
Since the fabrication of hemoglobin frequently
may be at the expens~ of serum protein formation, the
continual

loss of blood from the gastro-intestinal

tract conceivably might have caused both the anemia
and t h e hypo pro t e i n em i a i n pa t i en t s w i t h g a s t r i c · ca rc in om a.

Of 86 patients in whom the incidence of bleed-

ing into the gastro-intestinal tract was determined,
blood loss was noted in 39.

In this group, 59 per cent

were hypoproteinemic, 72 per cent anemic.

In the re-

maining 47 patients who had not sustained any blood
loss, 67 per cent nevertheless, were hypoproteinemic,
74 per cent were anemic.

Hence, there is no signifi-

cant difference in the incidence of hypoproteinemia and
anemia between the group of patients that had gastrointestinal bleeding and the group that did not.
These studies show that the abi I ity of these
patients to fabricate protein suggests that the presence of carcinoma had induced the existence of some
metabolic abnormality which impaired the protein for-

so

mat ion.
Nutritional edema has

long been recognized as a

concomitant of underfeeding and has been accurately
described on many occasions in connection with starvation, war edema, beriberi and dysentery.

Its close

association with insuffieient protein intake has also
received frequent comment but very I ittle if any
attention has been paid to occurrence of edema fol lowing surgical procedures.
Jones (36) collected a group of 34 patients, 26
of whom showed edema to a greater or less extent and
showed a low level of plasma protein.

They had been

treated by generally accepted• standard surgical procedures and were g iven more or less routine post-operative care.

Of the 26 patients with edema, 21 showed

disease of the digestive tract, two had carcinoma of
the pancreas and three required surgical

intervention

because of abscess.
In 17 instances, there was a preceding history of
anorexia, undernutrition or intermittent vomiting of
several weeks duration.

Eight patients had observed

edema of the extremities before operation.

tt was

seen as early as two days after operation and as
as fifteen days after.

late

The edema varied in degree

from those showing only slight edema of ankles,

legs
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pr genitalia to those showing marked edema usually
manifest

in the accumulation of fluid

dependent portions of the body,

in all of the

the peritoneal cavity,

the wal Is of the digestive tract and the mesentery and
the lungs.
They state that

the finding of a normal amount of

serum protein before operation does not constitute a
guarantee against

the development of edema.

Since the

administration of excess fluids may cause the protein
to fal I thereby reducing the osmotic pressure and
edema results
blood to the
Other

from the transudation of
tissues ti 11

factors

the pressures are equalized.

in the production of these complica-

tions are profuse surgical drainage,
of sepsis,

fluid from the

the general

effect

loss of serum protein by massive hemorrhage

and retention of base due to a temporary disturbance of ·
renal function.
Casten and Bodenheimer

(II)

list four categories

into which clinical hypoproteinemia
Peripheral

edema;

is manifest:

(2) Visceral edema;

of gastro-intestinal activity and

(4)

(I)

(3)

Inhibition

the

inhibition

of wound hea Ii ng.
Peripheral
manifestation.
for

edema

is the ear I iest and most

frequent

There are certain sites for predelection

this edema as.,

notably,

in the

loose areolar tissue
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of -the subcutaneous spaces.
the

The abdominal wal I,

back of

the ankle,

s i tes•

Th i s co n d i t i on , w h i c h i n i t s e I f

the

legs and the face are common
i s no t

forewarns the surgeon of other comp I icat ions

s e r ious ,

far more

serious.
Visceral

edema,

especially pulmonary edema,

is

apparently one of the sites of predelection for edema
i n t h e s e ca s e s •

Pu I mo n a r y comp I i ca t i on s o cc u r i n g i n

the post-operative course are usually diagnosed as
atelectasis or pneumonia but

frequently neither the

course nor the roentgenographic examination confirms
this diagnosis.
It

is a debatable point whether pulmonary edema

can be caused by the excessive administration off luids
without excess of salt

in the post-operative period.

In patients with hypoproteinemia, pulmonary edema can
occur with the administration of minimal

f I u i d a n d e v e,n t h o u g h t h e pa t i e n t

is

amounts of

i n ne ga t i ve

water balance.
Casten states that serious and ~ccasional ly fatal
pulmonary edema often may be the first warning of an
alteration

in the body protein content.

Clinical mani-

festations of hypoproteinemia are varied and may have
an

important and serious

prognosis

(10).

influence on the ultimate
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Gastro-intestinal motility is inhibited by hypoproteinemia.

As the plasma protein decreases the gas-

tric emptying time is increased with edema of the gast r o- i n t es t i n a I wa I I •
showed this

Ba rd en, , Rav d i n a nd F r a z i er ( 3 )

in their experiments on dogs.

The decrease

was achieved by plasmapharesis and a I per cent protein
diet.

The caloric intake was two times the requirement

and the v_itamin content was of normal value.
Al I of the animals at post mortem with protein
levels of 4 per cent or lower, showed gross edema of
the stomach.
This reduced gastric motility may occur in three
ways:

(I) reduced vitality with decreased gastric ac-

tivity;

(2) the edema may interfere with muscle con-

tracti o n and (3) decreased size of the stoma due to
edema.

On post mortem, there was a decreased size of

the stoma due to the edema, the other factors being
about normal.
Jones and Eaton found that after operation and
anastombsies with protein decreases, the edema reduced
the size of the stoma so much that food could not be
passed down the gastro-intestinal tract (36).

This

condition resembles an acute Intestinal obstruction.
Disturbances of wound healing is caused by pro-
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tein deficiences with other factors.

Harvey and Howe

(27) divided the period of wound healing into three
phases:

(I l the lag period;

(2) period of fibroplasia,

when the velocity of healing is changing most rapidly;
(3) the phase of approaching maximum immediate strength.
Starr and Nelson found that wound disruption occure d i n O. 6 I p e r c e n t o f t h e i r ca s e s a f t e r I a pro tom y •
Fincke reported an incident of I.I per cent; Melney and
Howes of from I to 2 per cent; Eliason and McLaughlin
of 0.27 per cent; Hartzel I and co-workers reported 1.5
per cent with a mortality of 35 per cent.

They state

age, sex and race were unimportant factors with season
having some bearing in predisposing to upper respiratory
infections.

They state that the period when disruption

is most I ikely to occur is from 5 to 10 days postoperatively, with the eighth day being the average (28).
In the 1,458 cases of disruption 320 or 22 per cent
carcinoma, while 195 or 13.4 per cent presented gastric
or duodenal ulcers.

In such case~ the nutritional c6n-

dition of the patient as reflected by the decreased
serum protein and vitamin C level was very poor because
of restricted diet.
Clark,

in 1919, studying the effect of diet on the

healing of wounds determined that a high protein diet
shortened the lag phase and produced a decrease in the
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time necessary for inhibition of the growth of fibroblasts (13).

Whipple also found this was true and

that a high fat diet prolonged the lag period six
days (65).
Thompson, Ravdin and Frank (61) found disruption
of the wound to be most frequent when the operation
was on t h e gas t r o- i n t es t i n a I a n d b i I i a r y tract s •
They found that the retardation of healing and
disruption was averted by restoration of serum protein
to normal

levels after operation or if the nutritional
♦

state of the patient previous to operation was bettered,
the disruption was less I ikely to occur.
It is difficult to analyze the effect of one factor out of many on the plasma protein levels.

Long

op~ratlons requiring large amounts of anesthetic agents
are very frequently associated with excessive blood
loss and some degree of shock and these factors cannot
be adequately segregated.

However, it was observed

that a definite relationship exists between the duration of the anesthesia and changes in the plasma protein pevels.

This variation is very definite but it

might be better to compare the length of operation
rather than duration of anesthesia.
In operations of one hour, SO to 60 per cent of
patients show a decrease in plasma proteins, while in
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operation of two hours or over al I cases showed a
significant fall

(II).

Ether, chloroform and cyclo-propane, in certain
concentrations, are very toxic to the I iver and caus~
a decrease in the blood values particularly the plasma
constituent.
As has been stated in the discussion on formation
of plasma proteins, liver damage caused a decrease in
plasma protein levels.

It is well known that certain

anesthetic agents cause I iver damage so that if the
site of formation
ta I I •

is damaged the level of protein must
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SUvlMARY AN) CONCLUS I ()\IS

Plasma is one of the most important of the body
fluids.

Its physiological functions are of profound

significance to those concerned with water and electrolytes, with harmonal and protein systems; its theropeutic uses to those concerned with blood coagulation,
with immunity and with treatment of shock.
In plasma are found the proteins albumin, globu1 in , and fibrinogen.

To these many physiological func-

tions have been attributed both acting by themselves
alone or with other substances or systems.
The history is of little significance since it
has only been in recent years that plasma protein have
becom~ important in the welfare of the patient.
The origin of plasma protein has always been an
intriguing problem.

There is no direct proof at the

present time for the source of any of them.

There con-

tinues to accumulate, however, indirect evidence, which
carries at least a measure of conviction concerning the
origin of two, namely, fibrinogen and prothrombin.
These two proteins show, with considerable regularity,
a striking decrease with destruction of I iver tissue.
The other proteins have at least some relationship to
I iver function.
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"Loss and lack" does not account for every deficiency produced although there is much doubt as to
whether there is a specific mechanism.

It is dependent

upon liver function, assimulati o n from the gastrointestinal tract and synthesis as wel I as an adequate
intake or a definite loss.
It is important to recognize the existence of protein deficiency for

in its presence, the healing of sur-

gical wounds and burns is impaired;

intestinal symptoms

may be aggravated; or symptoms may presist fol lowing
surgical relief because of edema at the site of operat i o n ; s h o c k ma y o c c u r mo r e r e a d i I y or be a g g r a v a t e d
unless blood protein is restored.
Much work is now being done concerning the plasma
proteins, their relation to the body functions and their
importance in the body metabolism.

It has already been

noticed that proper therapy results in decreased morbidity and mortality and will probably soon be recognized as an important part of the standard treatment.
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